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The jaundice disease of silkworms may be regarded as typical of a group of 
diseases affecting insects which is characterized by the presence of intranuclear 
inclusions termed polyhedra or polyhedral bodies 1 to 15# in C~iameter.  Jaun- 
dice appears to be caused by a virus, since the disease may be produced by the 
serial passage of Berkefeld filtrates of infectious blood or of tissue extracts.  The 
relationship of the polyhedral bodies to the virus remains obscure foic~  although 
the polyhedral bodies are found regularly in diseased insects and suspensions 
of washed polyhedra are infectious, they are not necessary for the inauguration 
of the disease.  Glaser and Lacaillade (1) found that repeated washing did not 
free the polyhedral bodies of virus activity and that polyhedra inactivated by 
heat were capable of adsorbing virus from active polyhedra-free blood.  Gratia 
and Paillot (2) reported that the polyhedral bodies and material obtained by 
the ultracentrifugation of active polyhedra-free blood or tissue extracts were 
related serologically but were unrelated to blood or tissue extracts of normal 
silkworms.  Although  Gratia  and  Paillot  appear  to  regard  the polylaedral 
bodies as crystalline agglomerates of the virus, Glaser and Lacaitlade considered 
the polyhedra to be reaction products of the disease which are active merely 
because of admixture or adsorption of a  small amount of virus,  The present 
experiments were undertaken in order to  clarify further the relationshi  p  be- 
tween polyhedral bodies and virus and to ascertain something of the biochemical 
properties of the virus. 
EXPERIMENTAL 
Biological Metkods.--Experience  has shown that a reliable  jaundicerfree stock of 
silkworms is essential to a proper evaluation of experimental results.  The disease is 
highly infectious and healthy animals  are so easily contaminated that extraordinary 
precautions are imperative.  Complete isolation must  be maintained.  On receipt 
at the laboratory, the worms are segregated after inoculation,  one to a heat-sterilized, 
one-half  pint milk bottle.  At the conclusion of the inoculations,  all of the experi- 
mental worms are fed.  Formerly infection by feeding was pracficed~ but this method 
is not as accurate as the inoculation procedure.  Inoculations are performed on 4th or 
5th instar worms, under the dorsal  skin, at  the posterior end of the worms, with a 
0.25 cc. Luer tuberculin syringe using a No. 27 needle.  The amount injected for all 
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activity tests equalled 0.01  cc. of material.  By inoculating in this manner, and by 
gently squeezing the skin for a  few seconds after the needle is removed, no loss of 
material  through bleeding occurs.  The experimental  worms are fed and inspected 
daily for symptoms of disease.  Controls were held for each experiment, and in no case 
developed jaundice. 
Due to loss in infectivity, jaundiced blood stored in the refrigerator during the cold 
months of the year should be passed at least four times serially before the experiments 
are started  in the spring.  Blood is considered suitable  for experimental  use when 
inoculated worms die of jaundice within S to 6 days.  Jaundiced blood is obtained 
when the first symptoms of the disease appear.  Somewhat later, disintegration of the 
tissues  including  the  alimentary  tract  occurs  and  material  sterile  with  respect  to 
bacteria cannot be obtained.  The anterior and posterior ends of the worms to be 
bled are bent back and brought together so that the prolegs are properly exposed. 
These are dipped for a few seconds in 80 per cent alcohol, after which the alcohol is 
burned away.  A puncture is then rapidly made with a sterile insect "minuten" pin 
and  the exuding blood is caught in sterile  capillary tubes.  In this way about 0.S 
cc.  of blood can be obtained from each 4th or 5th instar worm. 
Effect of Dilution on the A ctivity of Polyhedra-Free Blood and of a Suspension of 
Polyhedral  Bodies 
It appeared  desirable  to ascertain  the relative  amount of activity in poly- 
hedra-free blood and in the polyhedral bodies obtained from the blood by de- 
termining  the effect of dilution on the virus activity of the two components. 
Five co. of infectious blood obtained from 15 silkworms was freed of polyhedral 
bodies by centrifuging at low speed for 15 minutes.  The supernatant liquid, which 
contained 7.33 rag. of nitrogen per co., was removed and serial dilutions with sterile 
distilled water were made. x  Each of 5 silkworms was injected with 0.01 ce. portions 
of each dilution.  The sedimented polyhedral bodies were washed twice with 10 co. 
portions of sterile distilled water and suspended in 10 co. of water.  This suspension, 
which contained 0.25 mg. of nitrogen per co., was diluted in a similar manner, and 0.01 
co. portions of each dilution were injected into each of 5 silkworms. 
It can be seen from the results presented in Table I  that, on the basis of the 
nitrogen present, the polyhedra-free blood was regularly infectious in dilutions 
up to about 10  -8 gin. N  per cc. and the washed polyhedral bodies were infec- 
tious,  although  somewhat  irregularly,  up  to  about  the  same  dilution.  The 
results indicate that there is no great concentration of activity in the polyhedral 
bodies and that on a nitrogen basis these are about as active as the polyhedra- 
free blood.  Since much of the nitrogen of the blood is known not to be as- 
sociated with virus activity, it seems likely that much of the polyhedral body 
is likewise composed of inert material. 
1 Distilled water has no deleterious effect on the activity of the virus.  Silkworms 
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ptt Stability Range of Activity of Polyhedra-Free  Blood and of a Suspension of 
Polyhedral  Bodies 
It seemed possible that the pH range of stability of activity of blood might 
differ from that of the polyhedral bodies if, as has been suggested, the latter 
contain virus occluded in  the  interior which might be protected against  the 
deleterious effects of excessive acidity or alkalinity. 
A given volume of polyhedra-free blood or of a suspension containing  about 5 rag. 
of washed polyhedral bodies per cc. was added to 4, or in some cases to 9, volumes of 
a buffer, and after standing at 4°C. for 24 hours at a given hydrogen ion concentration 
the mixture  was diluted  a hundred-  or a thousandfold  with sterile water and tested 
for virus activity.  The buffer usually used consisted of 0.05 ~ potassium acid phthal- 
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* In this and the following  tables, numbers indicate days after inoculation that death due 
to jaundice occurred; x indicates inoculum failed to cause jaundice. 
ate, 0.05 ~r potassium  dihydrogen  phosphate,  and 0.05 ~  boric acid adjusted to the 
desired pH with hydrochloric acid or sodium hydroxide.  However, some tests were 
made in 0.1 ~r phosphate buffer or in dilute  hydrochloric  acid or dilute  sodium hy- 
droxide.  In all cases the hydrogen ion concentration  of the mixture  containing  the 
virus was determined  by means of a glass electrode. 
It can be seen from the results given in Table II that in no case was the blood 
active after being  subjected  to hydrogen ion concentrations more acid than 
pH 5, whereas in 3 of 4 tests the polyhedral bodies were active after being sub- 
jected to hydrogen ion concentrations more acid than pH 5.  In 2 tests the 
polyhedral bodies possessed activity after standing at pH 2 for 24 hours.  The 
suspensions of polyhedral bodies were turbid at all pH's tested except pH 13 
where the bodies formed a clear solution.  The mixtures containing blood were 
clear at pH 2, 3, 4, 6,  7, and 13, slightly turbid at pH 8.8, and very turbid at 
pH 4.6, 5.4, 9.7, and 10.  It seems likely therefore that components of the blood 
are precipitated isoelectrically at about pH 5 and at about pH 10.  The poly- 
hedral  bodies are  dissolved  rapidly  in 0.2  N sodium hydroxide, for after  10 454  VIRUS  AND  INCLUSION  BODIES  OF  SILKWORm  JAUNDICE 
minutes' exposure no bodies were visible under the microscope.  After 4 hours' 
exposure to 0.2 N hydrochloric acid the polyhedral bodies appeared roundish and 
not angular under the microscope and after 24 hours' exposure some of the 
bodies had dissolved and the remaining bodies were swollen and had a  trans- 
lucent appearance.  As a whole, the results indicate that the jaundice virus is 
stable only between pH 5  and about pH 9.  The  fact  that activity can  be 
demonstrated in polyhedral bodies after exposure to hydrogen ion concentra- 
tions as high as pH 2 is consistent with the viewpoint that virus is contained 
within the bodies and hence protected from the effect of the acid. 
TABLE II 
pH Stability Range of Activity of Polyhedra-Free Blood and of Suspensions of Polyhedral Bodies 
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Effect  of Certain  Chemicals  on  Virus  Activity 
Sodium dodecyl sulfate, guanidine, and urea are known to inactivate many 
viruses; hence it was of interest to determine the effect of these chemicals on 
infectious blood and on the polyhedral bodies. 
0.2 cc. portions of blood and of a suspension containing  10 mg. of polyhedral bodies 
per cc. were added to 1.8 cc. portions of solutions containing  1 per cent sodium dodecyl 
sulfate, 36 per cent guanidine, and 36 per cent urea, respectively.  The mixtures were 
stored  at 4°C. for about 20 hours.  The 3 mixtures  containing  blood became clear. 
In the case of the polyhedral  bodies the sodium dodecyl sulfate  and urea solutions 
remained  turbid  and  the  bodies  retained  their  normal  appearance,  whereas  the 
guanidine solution became clear and the bodies were not visible under the microscope. 
The blood  mixtures  were  diluted  with  sterile  water  and  tested  for virus activity. 
The mixtures  containing  the polyhedral  bodies were centrifuged and any sedimented R.  W.  GLASER  AND  W.  M.  STANLEY  455 
material was washed once with 1 cc. of water and then suspended in 10 cc. of water 
for activity tests.  The supernatant liquids obtained on centrifugafion of the mixtures 
were diluted with sterile water and tested for virus activity. 
It can be seen from the results presented in Table III that guanidine and urea 
inactivated completely the virus in  the blood and  in  the polyhedral bodies. 
Sodium dodecyl sulfate  inactivated the virus in  the blood and in the super- 
natant  liquid of the polyhedral bodies, but  the  remaining undissolved poly- 
hedral bodies retained some virus activity.  The latter result may be likened to 
that  obtained with  dilute acids in  which  the polyhedral bodies appeared  to 
protect virus contained in the interior of the bodies. 
TABLE III 
Effect  of Sodium  Dodecyl Sulfate,  Guanidine,  and  Urea on Infectious  Blood and Polyhedral 
Bodies 
Chemical added to infectious 
material 
1 per cent sodium dodecyl 
sulfate 
36 per cent guanidine 
36 per cent urea 
0.1  •  phosphate buffer, 
pH 7 
Blood 
Dilution of  blond mixture 
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Dilution of  Dilution ofresuspended 
supernatant 
liquid  sediment 
1-10  1-101  1-I0 
xx  xX  4~X 
xx  xx  xx 
xX  xx  xx 
5,5  5,6  4,x 








Attempts  to  Sterilize  the  Surfaces  of the  Polyhedral~Bodies 
Other  contributing  evidence that  some virus may be occluded within  the 
polyhedral bodies was furnished by the following experiments. 
Five mg. of the polyhedral bodies were washed and centrifuge  d three •times with 5 
co. of sterile water.  Silkworms were inoculated with 0.01  co. of a  suspension of the 
washed polyhedra in 1 cc. of water and as shown in Table IV all succumbed to iaundlee. 
The same amount  of bodies from the same source was deprived of as much  of  the 
wash water as was possible and treated with 5 co. of an antiformin-formalin mixture.  2 
The mixture was centrifuged,  the  liquid decanted,  and  5  cc.  of fresh  antiformin- 
formalin added.  The polyhedra in the mixture were placed in a  shaking machine 
for 1 hour and washed and centrifuged 4 times in water.  When worms were immed- 
iately inoculated with  the  last wash water, no  deaths occurred (Table IV).  This 
"Antiformin" is one of the commercial names for sodium hypocMorite containing 
about  6  per cent  active ingredients.  The  antiformin-formalin mixture  equalled 5 
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seemed to indicate that the supernatant liquid was sterilized effectively by the treat- 
ment and that nothing active emerged from within or was dissolved rapidly from the 
bodies.  Another equal portion of the treated and washed polyhedra was held at room 
temperature for  24 hours i  n 5 cc. of  water after which each of 5 worms was inoculated with 
0.01 cc.' of the supematant liquid from centrifuged material.  The fact that one death 
occurred may signify that a little  virus emerged from within  or was eluted from the 
surfaces of the bodies after their 24 hour sojourn in water.  The treated polyhedral 
bodies were dialyzed for4 hours against cold distilled water to eliminate the antiformin- 
formalin solution.  When inoculated,  such polyhedra (Table IV) produced 3 deaths 
by jaundice, 
These results appear to show that some virus is contained within the poly- 
hedral bodies.  It must be stated that when the polyhedra are treated with the 
antlformin-formalin solution for  1 hour,  about  50  per  cent  become greatly 
swollen and faintly outlined on microscopic examination.  The remaining ones 
TABLE IV 
Effe.¢l of Antiformin-Formalin  on the Activity of the Polyhedral Bodies 
untreated  polyhedra 
Wash water from treated polyhedm 
wash water in which treated polyhedra  were 
hetd 24 hrs. 
Treated tmlFhedra 
5,7,7,8,8 
Sequence of tests 




appear unaffected.  Untreated polyhedra when stored in water for 9 days do 
not become swollen and remain clear with sharp boundaries. 
Ultracentrifugation  Studies 
Many attempts were made to use the polyhedral bodies as a source of virus by 
dissolving the bodies in different solvents.  However, it was found that any 
solvent which would dissolve the bodies would cause inactivation of the virus. 
Because of this fact and especially because it appeared from the titration results 
that the polyhedra-free blood contained as much or more virus in  a  free  and 
accessible form than was present in the polyhedral bodies, the polyhedra-free 
blood was selected as the starting material for use in studies on the concentra- 
tion and purification of the virus by ultracentrifugation. 
In the first experiment  25 cc. of the blood from jaundice-diseased  silkworms was 
diluted  with 25 cc. of water, and the polyhedral  bodies were removed by low-speed 
centrifugation.  The polyhedral  bodies were washed with 17 cc. of water which was 
then added to the main portion of diluted blood.  The 67 cc. of diluted polyhedra-free 
blood was centrifuged for 90 minutes  at 24,000 R.p.x¢. in an ultracentrifuge  with  an R.  W.  GLASER  AND  W.  M.  STANLEY  457 
8  inch rotor.  The supernatant liquid was quickly decanted and saved for activity 
tests and the 5 pellets were suspended in 15 cc. of 0.1 M borate buffer at pH 7.  This 
mixture was centrifuged in an angle centrifuge at about 4000 R.P.~. to remove a large 
amount of insoluble material and the supernatant liquid was again subjected to high- 
speed centrifugation.  The supernatant liquid was discarded, and  the pellet which 
was obtained was suspended in 3.3 cc. of the borate buffer and subjected to low-speed 
centrifugation to remove a small amount of insoluble matter.  The supernatant liquid 
was found to contain 0.25 mg. of nitrogen per cc,, corresponding to 1.8 mg. of protein 
per cc.; hence the 25 cc.  of blood used as starting material yielded about 6 mg.  of 
purified virus material.  Examination of this material in the analytical ultracentrifuge 
by Dr. M. A. Lauffer showed the presence of a single component having a sedimenta- 
tion constant s~  =  17  Svedberg units  3 (3).  The  purified material as well  as  the 
supernatant liquid obtained on the first high-speed centrifugation was tested for virus 
activity. 
TABLE V 
Virus A ctivity of Sediment and Supernatant Liquid Following  Ultracentrifugation  of Infectious 
Blood at 24,000  n.P.~, for 90 Minutes 
Solution of sedimented material 
Concentration 
gin. per co, 












Dilution  Test 
1-10  6,6,5 
1-100  6,6,6 
1-1000  6,6,6 
It can be seen from the results presented in Table V that the purified prepara- 
tion and the supernatant liquid were active at all dilutions tested.  The fact 
that the supernatant liquid was active at a  dilution of 1 to 1000 indicates that 
considerable virus was not sedimented.  If the component having a sedimenta- 
tion constant of 17 S represents the jaundice virus, it is obvious that it would be 
necessary to subject the solution to a longer period of centrifugation or to higher 
speeds in order to secure more complete sedimentation of virus activity. 
In another experiment 95 cc. of the blood freshly drawn from jaundiced silkworms 
was diluted with 95 cc. of water and after removal of the polyhedral bodies by centri- 
fugation was subjected to ultracentrifugation at 27,000  R.P.~. for 120 minutes.  The 
sedimented material was suspended in 60 cc. of cold 0.1 ~  borate buffer at pH 7, and 
about 63  mg.  of insoluble matter was  removed by low-speed centrifugation.  The 
supernatant  liquid was  again centrifuged  at  27,000  R.P.~.  for  120  minutes.  The 
sedirnented material was suspended in 23  cc. of the borate buffer and on low-speed 
centrifugation only a small amount of insoluble matter was removed. 
3 A  Svedberg unit, symbolized by S, is  a rate equal to 10  -13 cm. per second in  a 
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The  clear, light-tan-colored,  supernatant  liquid  was  found to contain 0.32 
rag.  of protein nitrogen per cc.  and  to  show but  a  single component with a 
sedimentation constant of 17 S in the analytical ultracentrifuge.  The yield of 
purified material comparable to that obtained in the experiment described above 
was therefore about 46 mg. or 0.5 mg. per cc. of blood used as starting material. 
In this experiment, in which the centrifugation was carried out at a higher speed 
and for a longer period of time, the yield of purified material was approximately 
twice that obtained in the first experiment. 
Properties  of Purified  Material from  Jaundiced  Silkworms 
The purified material which was stored at 4°C. was tested for virus activity 
immediately after isolation and again at the end of 2 and 4 weeks.  It can be 
seen from the results presented in Table VI that the virus appears to be stable 
at 4°C. and that in one test a solution containing 10  -12 gm. of material per cc. 
TABLE VI 




Concentration of purified material (gin. per ¢c.) 
10-14  lO-e 
6 
__I0-7 __lO-e __i0-9  10-Io 
9,9,9  6,6,x  5,7,x 
'  5,10,x  4,6,6 /  4,6,8  6,xx 
/  8,8,x  8,xx 
10"11  10-zt  .  lO-la  __ 
6,6,x 
6,xx  I  1°'=  Ix~x  XXX 
was active.  Since only 0.01 cc. of solution was used as inoculum, the infectious 
dose in this test corresponded to but 10  -1. gm. of purified material. 
The solution of purified material was found to give the usual tests for protein, 
to contain phosphorus, and to exhibit no double refraction of flow.  One portion 
was dialyzed against distilled water, frozen, dried,  and subjected to chemical 
analysis.  The results which  are given in Table VII are similar to those ob- 
tained previously for other virus nucleoproteins.  A sample of polyhedral bodies 
washed six times with distilled water was also subjected to analysis.  While the 
results, which are presented in Table VII, would be compatible with a nucleo- 
protein composition, they are somewhat different from those obtained for the 
purified material. 
A portion of the purified material and a  preparation of washed polyhedral 
bodies were examined by means of an RCA type B  electron microscope.  As 
can be seen from Fig.  1,  the micrograph  of  the purified  material  shows  the 
presence of spherical particles about 10 m/2 in diameter.  The micrographs of 
the polyhedral body preparation are reproduced as Fig. 2 and show two poly- 
hedral bodies about 3/z in diameter.  The bodies appear to be quite dense and 
to have some mucilaginous matter adhering to them.  The micrographs provide R.  W.  GLASER AND W.  ~f.  STANLEY  459 
no evidence of a relationship between the polyhedral bodies with their adhering 
substance and the purified virus material. 
Properties  of High  Molecular  Weight Material from  Normal  Silkworms 
The chemical and ultracentrifuge data indicate that the purified preparations 
from infected worms are nucleoprotein in nature and consist of spherical par- 
ticles  having  a  diameter  of about  10  m/z  and  a  molecular weight of about 
300,000.  If  it  could  be  demonstrated  that  this  material  occurred  only  in 
jaundiced worms, the results that have been obtained  might be  regarded as 
providing presumptive evidence that the material is the jaundice virus.  How- 
ever, Glaser and Wyckoff (4) demonstrated in extracts of frozen and macerated 
jaundiced as well as normal silkworms the existence of heavy materials having 
sedimentation constants of 53 and 92 S which disintegrated on standing for 2 
TABLE VII 
Chemical Analyses of Purified Virus Preparation and of Washed Polyhedral Bodies* 
Purified virus preparation 
Washed polyhedral bodies 
C  H  N  P  S  CI  Ash 
--  per cen~ per cen----Z pe, cen----Z ~e, ~e~Z ~. c~Z p~, ~Z  pe,Z~, 
1  53.09  7.36]  13.70  0.43  1.08  I 1.50 
1  54.33  7.03  14 26  0.31  1.50  0.07  ] 1.52 
[  2  r 54.41  7.00  14.32 10.33  I 1.45 10.081  1.50 
* The analyses were made by Dr. A. Elek of The Rockefeller Institute.  The preparations 
were dried to constant weight in vacuo over P205 at 100°C. 
days in the ice box.  Since the purified material obtained in the present in- 
vestigation possessed s2~ =  17 S, was highly active after standing for 1 month 
,at 4°C., and was found to give an unchanged picture in the analytical  ultra- 
centrifuge after standing for 3 months at 4°C., it does not appear to be similar 
to the substances described by Glaser and Wyckoff.  Nevertheless it appeared 
desirable to make an ultracentrifugal study of the blood of normal silkworms. 
As  described  elsewhere  (3)  a  direct  examination  of  the  undiluted  blood of 
normal as well as of diseased silkworms revealed the presence in each case of two 
major  components,  the  larger  of which  possessed  a  sedimentation  constant 
which was not significantly different from that of the purified material isolated 
from diseased  blood. 
In order to obtain the material in normal blood in purified form 10 cc. of blood from 
normal silkworms was diluted  with 10 cc. of water and spun  for 2 hours  at 60,000 
R.P.~. in a 5 inch rotor.  The diluted  blood contained  17 rag. of protein  per cc. and 
the supernatant liquid following ultracentrifugation  contained  5.9 rag. of protein  per 
cc.  The dear, light-yeUow-colored pellets that were obtained  on ultracentrifugation 
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amount of insoluble matter.  The preparation contained  12 rag. of protein per cc.; 
hence  the  yield  was  156  rag.,  or  15.6 mg.  of  protein  per cc. of blood, a yield 
approximately  ten times that of the material obtained from jaundiced silkworm blood. 
The yield  obtained  in  the case of the  one  lot of  normal  blood  available 
for  study  is  probably  abnormally high,  for  ultracentrifugation  studies  on 
several  small  pools  of  blood  from  normal  and  diseased  worms  indicated 
that both  contained about the  same amount  of high molecular weight ma- 
terial.  The  sedimentation  constant  of  the  purified  material  from  normal 
blood was not significantly different from that of material obtained from the 
blood  of  jaundiced  silkworms  (3).  Furthermore  the  gross  chemical  and 
physical properties of the  materials  from normal  and  diseased  blood  were 
the same. 
Serological Properties 
Since Gratia and Paillot (2) had reported polyhedral bodies and ultracentri- 
fugally purified material from jaundiced blood to be serologically unrelated to 
ultracentrifugally purified material from the blood of normal silkworms, it ap- 
peared possible that the materials obtained in the present study from normal 
and  diseased  blood  might  be  serologicaUy unrelated  despite  their  similar 
chemical and physical properties. 
Accordingly about 2 cc. of serum  was  obtained  from each  of 3 normal rabbits. 
One rabbit was then injected with 35 mg. of purified material  from normal silkworm 
blood, a second with 35 mg. of purified material  from jaundiced  blood, and a third 
with 35 mg.  of polyhedral  bodies washed  5 times  with water.  Each material  was 
administered  during the 'course of a week in 3 spaced injections, and 10 days following 
the final injection the sera were drawn. 4 
It can be seen from the results presented in Table VIII that each of the ma- 
terials gave positive precipitin reactions with all three antisera but that anti- 
serum to polyhedral bodies gave definitely weaker  reactions  with  the  heter- 
ologous antigens.  The results, which differ from those reported by Gratia and 
Paillot,  indicate  that  all  three  preparations  contained  serologically  related 
material. 
In an effort to determine  whether  all of the material  in the preparation obtained 
from diseased blood was serologically related  to the material  obtained  from normal 
silkworm blood, 1 cc. of a 1 to 3 dilution of antiserum to material from normal silkworm 
blood was absorbed with 7.5 rag. of material from diseased blood.  In a similar manner 
1 cc. of a  1 to 3 dilution  of antiserum  to material  from diseased blood was absorbed 
with 7.5 mg. of material  from normal blood. 
4 The writers wish to thank Dr, C. A. Knight for preparing  these antisera. R.  W.  GLASER  AND  W.  M.  STANLEY  461 
Following the absorption, the antiserum to material from normal blood gave 
no further precipitate on the addition of material from normal blood, whereas 
the antiserum to material from diseased blood did give a precipitin reaction on 
the addition of material from diseased blood.  This  result indicated that the 
material  obtained  from  diseased  blood  contains  a  serologically  active  com- 
ponent not present in the blood of normal silkworms. 
It seemed that it might be possible to remove material serologically related to 
normal  blood  from  the  preparation  from  diseased  blood  by  treatment  with 
antiserum  to material from normal blood. 
TABLE VIII 




















































Accordingly a saline solution of 60 mg. of purified protein from diseased blood was 
mixed with 4 cc. of antiserum to material from normal blood in a  total volume of 
about 20 cc. and allowed to stand at 37°C. for 2 hours and overnight at 4°C.  The 
precipitate was removed and the supernatant liquid was treated in a similar manner 
with additional small amounts of antiserum until no further precipitate formed.  The 
total amount of antigen-antibody precipitate which was collected was 24 mg.  The 
supernatant liquid was finally ultracentrifuged in order to effect a  separation of the 
silkworm protein from residual rabbit serum protein.  The pellets obtained on ultra- 
centrifugation were dissolved in 5 cc. of water and evidently contained considerable 
rabbit serum protein, since the yield was 128 mg. of protein.  The s61ution was diluted 
to 30 cc. and again ultracentrifuge&  The pellets were dissolved in 5 cc. of water and 
the solution was found to contain 4 mg. of protein per cc.  On examination in the 
analytical ultracentrifuge the preparation was found to contain a component with s~0 
=  17 S, a second component with a smaller sedimentation constant and considerable 
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The serological activity of the preparation was determined and as can be seen 
from the results given in Table IX the reaction  with antiserum  to material 
from diseased blood was unchanged, whereas that with  antiserum to material 
from normal blood was greatly diminished. 
In order to determine more accurately the quantitative nature of this difference two 
3 rag. samples of the material were treated with 0.2 cc. portions of antisera to materials 
from normal and diseased blood respectively.  The total volume of solvent was  1.1 
cc. in each case.  After standing for 2 hours at 37°C. and overnight at 4°C.  the 
precipitates were removed, washed with 1 cc. of 0.85 per cent saline, and analyzed. 
The precipitate in the case of antiserum to material from normal blood con- 
tained but 0.3 mg. of protein, whereas the precipitate in the case of antiserum to 
material from diseased blood contained 1.5 mg. of protein.  These results indi- 
cate that absorption of purified material from diseased blood with antiserum to 
TABLE  IX 
Serological Activity of Purified Material from Diseased Blood Following Absorption with 




















purified material from normal blood removes considerable material but leaves a 
fraction having s~0 =  17 S which reacts strongly only with antiserum to ma- 
terial  from diseased  blood. 
Despite the fact that most of this fraction is serologically different from the 
material existing in normal silkworm blood its physical and chemical properties 
are nevertheless very similar.  This fact complicates thepurification of jaundice" 
virus and makes it likely that a combination of physical and serological methods 
will have to be employed in order to secure pure virus.  It is possible that the 
serologically active, purified, absorbed  material having s~0  =  17 S represents 
relatively pure jaundice virus, but sufficient of this substance has not yet been 
at hand to permit this point to be established beyond a reasonable doubt.  It is 
hoped that at some future time it will be possible to resume experiments de- 
signed  to  resolve the  difference between  the  serological results  reported by 
Gratia  and  Paillot  and  those  described  above  and  especially  to  determine 
whether virus activity is a specific property of the material having a molecular 
weight of about 300,000 or is due to some minor and as yet unidentified com- 
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DISCUSSION 
The  possible  nature  of  the  polyhedral boclies  in  silkworm  jaundice  and  similar 
diseases in other insect species has already been discussed by Glaser (5, 6)  and 
Paillot (7-9).  It is suificient to call attention again to the fact that they have 
been regarded as protozoan parasites (Microsporidi~m polyedricum) and the 
cause of the disease.  They have further been regarded as  the carriers of a 
virus and, lastly, have been considered reaction or by-products of the disease. 
This last view appeared strengthened by extensive filtration experiments which 
showed that the intranuclear inclusions are not necessary for the initiation of 
the disease process. 
The work here presented seems to show that while the polyhedral bodies are 
usually active, no great concentration of virus activity is found within them. 
A  study of the relative activity of polyhedra-free blood and of the polyhedra 
alone was made and it was found that while the bodies were active they were no 
more active on a nitrogen basis than the diseased blood freed from polyhedra. 
Work on the pH stability of blood freed of polyhedra and of suspensions of 
polyhedral bodies indicated that some virus is occluded within the polyhedra. 
Blood was inactive after being subjected to hydrogen ion concentrations more 
acid than pH 5, whereas in three of four separate experiments polyhedral bodies 
were active after being subjected to hydrogen ion concentrations more acid than 
pH 5.  In two tests the polyhedral bodies possessed activity after standing at 
pH 2 for 24 hours.  Since free jaundice virus is stable only between pH 5 and 
about pH 9, the fact that activity can be demonstrated in polyhedral bodies 
after exposure to hydrogen ion concentrations as high as pH 2 appears to show 
that virus is contained within the bodies where it is protected from the acid. 
The results with 1 per cent sodium dodecyl sulfate and with antiformin-formalin 
support the above view3 
Jaundiced blood freed from polyhedra was studied in the analytical ultra- 
centrifuge and a single component having a sedimentation constant of 17 S was 
found.  The purified material was stable at 4°C., and in one test a solution con- 
taining 10  -12 gm. of material per cc. was active.  Solutions of the purified ma- 
terial gave the usual tests for protein, contained phosphorus, and showed no 
double refraction of flow.  A chemical analysis of the purified material differed 
somewhat from that of the polyhedra, although both were compatible with a 
nucleoprotein composition.  When  the  purified material  and  the polyhedra 
were examined by means  of the  electron microscope other differences were 
found.  The micrographs provided no evidence of a  relationship between the 
polyhedra and the purified virus material.  Fig. 2, a micrograph of polyhedra 
s From previous work by Glaser and Lacaillade it was known that much virus may 
be adsorbed to the surfaces of the polyhedra, but it was not known until now that 
virus may be occluded within after the inactivation of virus adsorbed to the surfaces. 464  VIRUS  AND  INCLUSION  BODIES  OF  SILKWORM  JAUNDICE 
washed 6 times in water, shows much mucilaginous material adhering to the 
surface.  This suggests that material is extruded from the inclusions despite 
repeated washings  (1).  The evidence  seems to have made it untenable to 
support the view that the polyhedra represent  crystallized  virus.  When the 
blood of normal silkworms was examined in the analytical ultracentrifuge it was 
also found to contain a  component having s2~0= 16 S.  Precipitin tests indi- 
cated that  this component, the purified  material from diseased  blood,  and 
polyhedral bodies,  contain serologically related material.  Following absorp- 
tion of a purified preparation from diseased blood with antiserum to purified 
material from normal blood, there remained a component having a sedimenta- 
tion constant of 17 S which reacted strongly only with antiserum to material 
from diseased blood.  It must be emphasized,  however,  that this  substance 
having a molecular weight of about 300,000 may not represent pure jaundice 
virus.  The virus activity may be associated  with a minor component which 
has thus far escaped detection by other than biological means. 
SUMMARY 
Silkworm jaundice virus is stable only between pH 5 and about pH 9.  The 
fact that polyhedral bodies retain virus activity after exposure to hydrogen ion 
concentrations as high as pH 2 is regarded as being due to the protection of virus 
occluded within the bodies.  Further evidence on this point is furnished by ex- 
periments on  the activity of the polyhedra when  treated with antiformin- 
formalin and  when treated with  1 per  cent  sodium dodecyl sulfate.  Free 
jaundice virus is inactivated by 36 per cent urea, 36 per cent guanidine, or 1 
per cent sodium dodecyl sulfate.  A purified preparation, active at a concentra- 
tion of 10  -1~ gm. per cc., consisting essentially of a nucleoprotein  component 
having a sedimentation constant of 17 S, a particle diameter of 10 m#, and a 
molecular weight of about 300,000, was obtained from the polyhedra-free blood 
of jaundiced silkworms.  However, a component having a sedimentation con- 
stant of 16 S was demonstrated in the blood  of normal worms.  This com- 
ponent, the material from diseased blood, and polyhedral bodies, were found to 
contain serologically related material.  Absorption of material from diseased 
blood with antiserum induced by a preparation from normal blood yielded a 
substance having a sedimentation constant of 17 S, which reacted strongly only 
with antiserum to material from diseased blood.  This fact, and especially the 
fact that the inoculation of normal blood does not produce jaundice, demon- 
strates that a difference must exist between the purified material from diseased 
worms and that from normal ones.  Chemical  analyses of the purified  virus 
material and of the polyhedral bodies also showed certain differences, although 
both probably represent nucleoproteins.  Examination by means of the electron 
microscope showed further differences. R.  W.  GLASER AND W.  ~[.  STANLEY  465 
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EXPLANATION OF PLATE 21 
FIG. 1.  Electron micrograph of purified material obtained from the blood of jaun- 
dice-diseased  silkworms  by differential  centrifugation.  The order of magnitude of 
the diameter of the particles is 10 m/z.  The micrograph was made with an RCA type 
B electron microscope with the assistance of Dr. J. Hillier.  Magnification 39,700. 
FIG. 2.  Electron micrographs of washed polyhedral bodies obtained from jaundice- 
diseased silkworms.  The polyhedral bodies are about 3/z in diameter and appear to 
possess  different amounts of adhering material.  The micrographs were made with 
an RCA type B electron microscope with the assistance of Dr. T. F. Anderson, RCA 
Fellow of the National Research Council.  Magnification 7,600. THE JOURNAL  OF EXPERIMENTAL MEDICINE  VOL.  77  ~LATE  21 
(Glaser and Stanley: Virus and inclusion bodies of silkworm jaundice) 